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NEAR TERM PROSPECTS FOR SOLAR ENERGY:
AN ECONOMIC ANALYSISt
SHAUL BEN-DAVID, WILLIAM D. SCHULZE,*
J. DOUGLAS BALCOMB,** ROBERTA KATSON,

SCOTT NOLL, FRED ROACH, and MARK THAYER***

I. INTRODUCTION
The economics of active solar energy systems for residential use
were first explored by Tybout and Lbf in a study supported by
Resources for the Future during the 1960s. Since that time, 'studies
by Westinghouse, TRW, and General Electric' have also looked at
the potential future feasibility of solar water and space heating.
Unfortunately, however, these studies preceded and could not effectively take into account the events of 1973 which led to the formation of OPEC, nor did any of them take into account the extent of
domestic depletion of oil and natural gas in the United States. In all
of these studies, ignorance of the above mentioned factors led to the
expectation of a continuing cheap energy supply from traditional
sources. This, in turn, resulted in poor projections of feasibility for
solar energy and, perhaps even worse, in drastic and what seems now
to be obvious understatements of the costs of solar energy.
Now that some experience has been gained both in manufacturing
and installation, it is apparent that the cost of solar collectors installed, excluding fixed costs, will be about $10/ft 2 with little real
hope of long run cost reduction given materials and labor requirements. Although this may seem high in comparison to estimates as
low as $3/ft2 used in previous studies,2 we find that solar water and
space heating systems will be feasible between now and 1990 if the
tThe research reported here has been funded as part of an NSF-RANN project entitled
"An Economic and Environmental Evaluation of Solar and Geothermal Energy Sources."
Also, solar energy performance analysis developed under ERDA supported research projects
at Los Alamos Scientific Laboratory has been employed in our research. Thanks go to Jim
Hedstrom of Los Alamos Scientific Laboratory for his contribution. Additionally, Allen
Kneese provided helpful comments for which wt are grateful. All opinions and remaining
errors are, of course, the sole responsibility of the authors.
*Professor and Associate Professor of Economics, The University of New Mexico.
**Assistant Division Leader for Solar Programs, Los Alamos Scientific Laboratory.
***Research Associates, Resource Economics Program, The University of New Mexico.
1. Tybout & L6f, Solar House Heating, 10 Nat. Resources J. 268 (1970); General Electric Company, Commercial Diffusion-Problemsand Solutions, Solar Heating and Cooling of
Buildings, Phase 0, Feasibilityand Planning Study (1974); Westinghouse Electric Corporation, Solar Heating and Cooling of Buildings-Executive Summary (1974); TRW, Solar
Heating and Cooling of Buildings-Phase 0 (1974).
2. Supra note 1.
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real, decontrolled prices of traditional energy sources are used as the
standard of comparison on a life cycle basis. The importance of this
finding is diminished both by the prospect of continued price controls and by the federal government's failure to make capital available, especially for energy conservation. If interest rates remain high
and if capital remains in short supply, the prospects for capital intensive systems in homes, such as solar energy, are diminished greatly.
The next section of this paper develops a scenario of future energy
prices, both for decontrol and for curtailments, and projects consumer costs from traditional sources both on an annualized, life cycle
basis and on a current cost basis for residential space heating and
domestic hot water. These costs are developed by state for the continental United States through 1990. Section III then compares these
costs on a price per 106 BTU basis under decontrol to the costs of
solar alternatives, determining year of feasibility by state and optimal
system design given projected energy prices as developed in Section
II. In Section IV projected energy savings in 1990 resulting from
utilization of solar energy are discussed. Section V briefly considers
the future of solar energy under continued price controls and,
finally, Section VI considers the role of economic policy in defining
future energy alternatives.
1I. REGIONAL ENERGY PRICES FOR SPACE HEATING AND
DOMESTIC HOT WATER
To evaluate the feasibility of solar energy sources under a variety
of policy options, a fossil fuel simulation model was constructed to
allow cost comparisons. The model is based upon estimated behavioral and technical relationships which describe the fossil fuel energy
sector of the U.S. economy. These relationships were estimated from
a forty year time series data base. The econometric model provides
projections of future fossil fuel prices, demand, discovery and reserves on the assumption of business as usual. These results are then
used to develop projected water and space heating costs by state in
the 1976-1990 interval.
For the case of decontrol of wellhead prices, the ability of OPEC
to maintain control of world petroleum prices, and capacity conditions within the energy extraction industry were adopted as basic
assumptions. An implicit assumption of the business as usual condition is that little allowance is made for the development of alternative energy sources.3 Rather, the econometric model concentrates
3. Since the focus is on near term (through 1990) applications of solar energy this
assumption will unfortunately hold true in the viewpoint of the authors.
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upon the conventional fossil fuel energy sector comprised of coal,
petroleum, and natural gas.
The results for decontrol presented here are based on a scenario
which assumes: total deregulation of natural gas prices by 1978; a
five year (1977-1981) deregulation period in which the price per
barrel of domestic crude petroleum is allowed to seek a level consistent with the OPEC price; and the ability of OPEC to maintain the
price per barrel at a constant level, 4 adjusted only for inflationary
changes. The results of the simulation under the above conditions are
presented in Figures 1, 2, 3, and 4. Projected field prices, fossil fuel

demand, reserves and discovery are shown for the years 1974 to
1990.
The analysis indicates that production of natural gas is determined
by reserves and implies capacity conditions within the industry.

Therefore, the structure of the natural gas industry is such that the
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FIGURE 1
4. An element of conservatism for future energy price levels is introduced by our assumption of a constant real price for OPEC oil. It is believed that as the price of natural gas, the
major source of residential and commercial space heating, as well as industrial process
heating, catches up to the current OPEC price for oil, OPEC's prices will again increase
substantially. A better assumption, which is employed by excluding oil prices from the
following feasibility analyses for solar energy, is that the OPEC price will follow the projected natural gas prices in the late 1980s.
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FIGURE 2*
*Hypothetical natural gas imports, valued at $2.00/MCF are excluded from the analysis.
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reserve base constrains production. Thus, the declining rate of discovery results in decreasing production over time.
This situation would translate into shortages of natural gas under a
policy of price control. On the other hand, the deregulated price
scenario results in rapid price increases which discourage demand but
which provide windfall profits for domestic producers of natural gas.
However, the rising prices associated with the latter case would permit the introduction of alternative energy resources, whereas price
control would inhibit the adoption of substitutes.
The projected wellhead prices of natural gas and other energy
sources shown in Figure 1 must be adjusted on a regional basis to
provide delivered rates. States that are located close to major producing areas, notably the Gulf Coast states, are able to obtain natural
gas at a lower price since pipeline transmission costs are minimal. The
opposite holds true for states far removed from the source areas,
such as New England, the Northern Plains, and the Pacific Northwest
regions.
Anomalies to this general price trend naturally occur and are to be
expected. Rate structures and levels vary from state to state, as well
as allowances for fuel price and cost of service adjustments. For the
purposes of this study, general price levels of residential natural gas
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for each of the forty-eight states in the continental United States
were identified. Data from the U.S. Department of Labor, Bureau of
Labor Statistics (BLS) were obtained to provide price information
for twenty cities across the United States. In addition, residential
block rate schedules were obtained from gas and utility companies
which served cities not included in the BLS surveys. Using these
schedules, the price of natural gas per thousand cubic feet (MCF) was
calculated, based on average monthly consumption levels within each
city. Where wide variations occurred among two or more cities in one
state, a weighted average price was figured to give one price for that
state. All price calculations were based upon data from the first
quarter of 1976.1
Using these residential prices, the residential cost adjustment to
the wellhead price was computed for each of the forty-eight states.
Using constant 1974 dollar figures and assuming that these residential cost adjustments would not change by significant amounts over
time, residential prices were derived under a scenario of total wellhead price decontrol for the period 1974 to 1990. We assume a
natural gas conversion efficiency of .75 typical of new gas furnaces
for space heat and an efficiency of .60 for gas water heaters in the
analysis.
Natural gas, while it maintains its least cost advantage, is the primary alternative to solar energy. However, because natural gas is in a
state of rapid depletion, its price is expected to rise much faster than
other energy sources, thereby relinquishing its comparative cost advantage, or with continued controls large scale curtailments will
occur. Thus it was necessary to calculate the price of a competing
energy substitute which might replace natural gas. For this purpose,
the price per 106 BTU of electric heat pumps to provide both space
heating and domestic hot water was selected. A projected COP of
2.56 for electric heat pumps was used in both cases since it was
assumed that when electricity is used for space heating, a heat pump
large enough to heat both water and air would be installed. Other
alternatives would include fuel oil, gasified coal, propane, etc. Heat
pumps seem to offer the cheapest available alternative to natural gas,
even with the expected rise in electricity prices in the future.7
Regional variations in electricity prices and increases in real capital
5. Current delivered rates for natural gas are also affected by the mix between interstate
and intrastate sources. This mix was accounted for in the analysis of delivery costs but has
no impact once decontrol is completed.
6. COP denotes Coefficient of Performance and measures heat pump efficiency.
7. Currently, projected energy prices for heat pumps, coal gasification, and liquid fuels
from coal fall in a wide but overlapping range on a $/106 BTU basis. Of these, heat pumps
are believed to provide the most reliable estimates of future energy costs.
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and fuel costs were incorporated in developing heat pump energy
price projections. Irving Bupp8 has shown that fossil fuel electrical
generation plant capital costs are increasing at a real rate of $13/KW
per year. Assuming a 17 percent real fixed charge rate (considered an
upper limit for privately owned utilities) and a 70 percent load factor, which translates into 6132 yearly hours of operation (.7 x
8760), capital cost increases per kilowatt-hour of baseload electricity
are:
13 $/KW x .17 = .00036 S/KWh.
6132
Mine mouth coal fuel costs now run .0068 S/KWh9 and are projected
to increase by 3.7 to 4.5 percent annually over the next fifteen years,
for an average of 4.1 percent annually. The fuel cost increase ratio
over fifteen years is then:
e.041 x 15 = 1.849.

The average annual fuel cost increase is therefore
.849 x .0068 = .000385 S/KWh.
15
Summation of these two components gives an approximate annual
increase in electricity prices of $.000745 per KWh per year or
$.218/106 BTU per year. This increase is added annually to each
state's average residential electrical rate' 0 to give an estimated cost
for delivered electricity prices. After dividing these prices by the COP
to account for heat pump performance, a comparison between natural gas and heat pump prices yields the least cost energy alternative
to solar. A comparison to the cost in dollars per BTU of solar energy
then determines the economic desirability of solar energy, based
upon current cost criteria. However, the cost analysis detailed above
is inadequate for long term investment decisions. Therefore, life
cycle costing techniques must be used to make a proper comparison.
The development of annualized life cycle costing procedure follows essentially the same path as that of the current price analysis.
The projected price of the least cost alternative to solar energy,
whether it be natural gas or heat pumps, is annualized based upon a
fixed charge rate consistent with a given system life and a .025, or
8. Bupp, et al., The Economics of Nuclear Power, 69 Technology Review 129 (1975).
9. This cost is based upon a current mine-mouth price of $.45/106 BTU and a combustion efficiency factor of 23 percent.
10. State electricity rates were derived from Federal Power Commission, Typical Electric
Bills-1975 (Series No. FPC R86, 1975), and were based upon 250 KWh monthly consumption by residential users.
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other, real rate of interest. 1 ' Annualized energy prices for space
heating are calculated, assuming a thirty year system life and gas
efficiency of .75. Annualized energy prices used for domestic hot
water heating are calculated assuming a twenty year life and a gas
efficiency of .60. Current and annualized prices for space and water
heating are presented for the years 1976 and 1990 in the Appendix.
Comparing annualized prices and current prices, one can see the
discrepancy between current and life cycle costing within each state.
Figure 5 shows that in New Mexico, for example, the current price
for space heating rises from $1.50 in 1976 on the natural gas price
trend to $5.79 in 1990 now following the heat pump cost trend. The
annualized price, on the other hand, starts at the higher value of
$4.35 in 1976 and increases at a decreasing rate to $6.65. In Figure
5, 1989 is the year in which electric heat pumps become the least
cost energy alternative to solar energy in New Mexico, thereby replacing the use of natural gas for residential space heating.
If homeowners and the housing industry react to current energy
costs, as is usually the case, the desirability of a solar heating installation is diminished. But when making an investment decision, the
proper criterion should be to look at total life cycle costs or savings;
that is, to look at values of annualized prices rather than current
prices. In New Mexico, for example, an annualized price of $4.35 in
1976 is not matched by current costing until 1987. If solar home
heating were feasible at $4.35, there would be an eleven year delay
by using the current price criterion.
11. For any given state, annualized energy prices are then determined by the procedure
detailed below:
T

t
l0 r

t=O

1

ICZ
O

where:

T
t=O

('rt
T

t

Pt (PI

P.t = projected price of the least cost energy alternative (adjusted for conversion efficiency) delivered to residential users in a given state in
year t [$1106 BTU; constant 1974 dollarsl
P = annualized price of the least cost energy alternative
=
r the real interest rate (nominal interest rate less the rate of inflation)
T = life of the solar installation: water system -. T = 20; air systems -. T
=

30.

CR = capital recovery factor.
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It should be understood that, under a policy of complete price
decontrol for natural gas, curtailments will not occur because all
potential users, wherever they might be located, would be able to
competitively bid for natural gas. Thus, our feasibility study initially
focuses on this idealized situation. Note then that in Figure 5 the
price of natural gas rises to its assumed next best alternative, electric
heat pumps, as gas approaches exhaustion.

FIGURE 5
CURRENT VERSUS ANNUALIZED PRICE COMPARISONS FOR
RESIDENTIAL SPACE HEATING IN NEW MEXICO
(All prices adjusted for combustion efficiency)
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On the other hand, if natural gas prices remain controlled near
current (1977) levels, homeowners who can obtain natural gas will
have no incentive to substitute solar energy which will invariably cost
more on a $/BTU basis. Even though some homeowners will be able
to obtain very cheap energy, however, others will be forced by curtailment or through moratoriums on new gas hookups to find an
alternative energy source for space and water heating. Since we have
assumed heat pumps provide the best estimate of future fossil fuel
energy costs (excluding natural gas) the appropriate criterion under
continued controls is to compare solar energy to electric heat pumps
on a regional basis, realizing that some consumers will not consider
solar because of the availability of a declining quantity of cheap gas.
III. SOLAR FEASIBILITY WITH DECONTROLS

This section evaluates the two most promising and best known
short run uses of solar energy; domestic hot water and space heating
of residences. The large scale potential for this technology will be
evaluated on the basis of price decontrols and life cycle costing using
appropriate interest rates from home mortgage markets.
A solar heating system generally consists of solar collectors to
absorb the sun's heat energy and a heat storage medium to hold
excess heat for release during periods when the sun does not shine.
Although the operation of a solar system can be readily understood
in a qualitative fashion, the quantitative analysis of a system (sizing
of collector array) involves computer simulation of solar performance using actual hour by hour, weather data, and is considerably
more difficult. A fairly general method developed at Los Alamos
Scientific Laboratories (LASL) was employed to supply the necessary quantitative analysis.' 2 LASL developed standard parameters
for both residential space heating systems and for domestic hot water
systems which serve as the basis for the performance simulation work
being done at Los Alamos and for the economic analysis reported
here.
The cost of solar energy systems when contrasted with projected
prices of alternative energy systems, give the investigator a picture
of potential solar penetration in various regional markets. This section is concerned with constructing realistic cost estimates of a solar
domestic hot water system and a solar air heating system designed
solely to meet some fraction of a single-family detached residence's
hot water or space heating demand over a normal year.
12. J. Balcomb & J. Hedstrom, A Simplified Method for Sizing a Solar Collector Array
for Space Heating, Los Alamos Scientific Laboratory, Los Alamos, N.M. (Jan. 23, 1976).

April 1977]

PROSPECTS FOR SOLAR ENERGY

On the basis of the design parameters supplied by LASL, cost data
were obtained from many individuals and firms engaged in designing,
engineering, marketing and installing solar energy systems. Although
there was much disagreement on actual dollar figures that may be
representative of mass produced systems of the very near future, the
general consensus was that total fixed costs, independent of storage
and collectors, would run approximately $1100 for residential space
heating' 3 and $300 for domestic hot water.' "
Given sufficient demand and mass production schedules, collector
area costs have been estimated to be in the neighborhood of $8.50' 1
and $9.5 016 per square foot installed (single pane). Storage costs for
a rock storage bin when designed, engineered, and installed on a large
scale basis should be not more than $1.00 per square foot of
collector. With the same considerations storage costs for an insulated
water tank should be no more than $1.50 per square foot of collector. This results in collector dependent cost of $9.50 for space heating and $11.00 per square foot for hot water heating installed.' I In
our space heating case, real cost per square foot of installed collector
including storage was projected to approach $8.00 by 1990 from the
current estimate of $9.50. This represents a 15 to 16 percent reduction in real cost, optimistic, but not impossible by any means, given
recent projections and estimates by others for collector costs in the
next two decades. Again, we assume constant 1974 dollars.
The final cost component of solar energy systems included in this
analysis is the annual operation and maintenance (0 & M) expenses
over an air system's expected thirty year life for residential space
heating, twenty year life for domestic hot water system. Because so
13. Near term fixed costs for a conventional tract home where installation of the required duct work and air handling control system is commonplace, and where the collector
area, auxiliary heating unit, a storage bin, and forced air distribution system are all designed
and engineered as a compact integrated unit in the center of the structure have been
estimated at approximately $600 for the air handling system and $500 for the insulated
duct work required by the solar space heating system.
14. Near term fixed costs for a pump, controller, pipes, and their installation.
15. Air type collectors installed as integral roof units.
16. Water type collectors installed as independent units.
17. The $1100 fixed cost and $9.50 per square foot of collector variable costs for air
space heating systems are estimates made for the near term future. Past studies have projected a decrease in collector area costs to two to three dollars per square foot by the year
2000 or 2020. We, as well as every individual or firm contacted for this study, believe that
these projections are unattainable. Collectors are made from common materials employing
relatively common manufacturing techniques in the fabrication, construction, and integration of their components, although not necessarily integrated at any one facility. It is
difficult to project and substantiate large scale reductions in costs based upon vast improvements in the manufacturing process and/or healthy reductions in the real costs of the
common material inputs over and above what is both implicitly and explicitly accounted for
within the near term estimates above.
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little is actually known about possible maintenance, repair, and replacement costs for the various components of a solar system, large
expenditures were allowed at certain intervals and towards the end of
the life cycle. Summing the expenditures over the expected life and
computing a yearly average gives an estimate of annual operation and
maintenance costs of 0.75 percent of total system costs for the residential space heating air system, and 1.0 percent for the domestic
hot water system.
Feasibility Analysis
Solar energy heating systems will become feasible when the cost of
providing energy for either residential space heating or domestic hot
water becomes economically competitive with alternative energy
sources. That is, for purposes of this paper, whenever the cost of
solar energy is equal to or less than the cost of providing the same
quantity of energy by an alternative, then the concept of solar feasibility will be accepted. Comparisons can be made for energy price
decontrol for annualized or current costs in this analysis.
With life cycle analyses the methodology employed involves the
computation of an annualized price per 106 BTU for the solar energy
system. For any given year this involves applying a fixed charge rate
(FCR) which is used to convert capital expenditures to annual costs
and 0 & M expenditures, expressed as a percentage of total capital
costs, to total system costs. The resulting figure is then divided by
the quantity of energy to be supplied by the solar system, representing some fraction or proportion of the total annual energy requirement. The resultant figure is the annualized cost per 106 BTU for the
solar system under examination where fixed and variable costs are
given for each fraction of total demand.
The procedures employed to perform the feasibility analysis
(determining the year and associated solar fraction at which economic competitiveness is reached) can be summarized as follows. We
assume an increasing alternative energy price over time as presented
in the previous section on decontrol. If future fuel prices are known
over the fixed collector life, one can optimize collector area. We
define the relevant variables as follows:
r = the real rate of interest' 8
VC = variable costs associated with each square foot of collector
(collector plus storage)
FC = fixed costs (collector independent)
18. Use of the real interest rate as opposed to the nominal rate eliminates the need to
forecast inflationary influences and associated price adjustments.
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Pt = cost of backup heat per 106 BTU (adjusted for furnace and
water heater efficiency)
A = collector area in square feet
F = fraction of space or hot water heating requirements to be provided by solar energy
LOAD = 106 BTUs required per year
t = year

T = system life (20 or 30 years)
CR = capital recovery factor =

OP =

I

T (r)
t
E
t=O
operating and maintenance expenditures expressed as a percent
of total capital investment

From the LASL program, we know the relationship between collector area and the fraction of solar heat provided, A(F). Therefore,
we can minimize the present value of heating cost over system life, or
the discounted backup heating and solar costs;
t
T (1 )
(1)
Pt o LOAD . (1-F) + VC 9 A(F) + FC
Z (I
t
t=O

with respect to the fraction (F) of solar heat provided. This cost
minimization implies that
T (1\r
t
- f
t=0

I+r

Pt

LOAD + VC o (dA/dF) = 0

(2)

where we set the derivative of (1) with respect to F equal to zero. In
Section II we defined the annualized price of energy as
7= CR T
Z (lIJr
t=0

tp

or, equivalently

TZ-P(iIl-r)tt Pt*
CR

(3)

t=0

Thus, using equation (2), this implies' 9
19. CR can be expanded into the notion of FCR, fixed charge rate, relatively easily by
including the O&M, taxes, etc. Here we will include only O&M because of the majority of
other factors are either generally quite transparent to or not applicable for the average
homeowner. By adding O&M expenses (symbol OP), a percent of total capital expenditures,
we will define our FCR as CR + OP. For simplicity we have ignored operating costs in the
derivation above.
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(4)

The A's are known for values of F between .05 and 1.0 in .05
increments from the LASL simulation. We can calculate the change in
A (AA) for the corresponding change in F where AF = .05. Thus, the
optimum value of F and consequently the optimal collector area is
determined where:
AA 4
-[

D]

(.05).

(5)

Feasibility, however, is not insured by this process. Rather, given
an annualized price of energy, collector area will be optimally sized.
To check for feasibility one must compute the optimum percentage
of space or water heating requirements to be met by solar energy
expressed as a fraction of total solar heat provided, and the associated collector area. Then, using that percentage, calculate the annualized cost of solar energy (Ps) for each site.
The annualized cost of solar energy is determined as:
Ps

=

FCR \ VC--A
F )
LOAD*•+FC)

(6)

If this annualized cost of solar energy is less than or equal to the
annualized cost of backup heat (Ps < TP), then the percentage of
space or water heating requirements to be met by solar energy determined above is correct; solar energy is feasible. If, however, the
annualized cost of backup heat is less than the annualized cost of
solar energy, then solar energy is not feasible and the solar fraction is
set equal to zero. 2 0 Minimum annualized costs for each state for
water and space heating are shown in the Appendix. Note that if we
are interested in current cost comparisons, the current price of alternative energy can be substituted for P.
With increasing energy prices, the year of feasibility for each site
and the fraction of solar energy feasible in that year can be determined. The ratio of fixed cost to variable cost (collector dependent)
determines the fraction where minimum cost is found. Generally, the
larger the ratio of fixed cost to variable cost the greater will be the
fraction where minimum cost occurs. This comes about because
fixed cost must be allocated over the total BTUs supplied by solar
energy for any given site; the larger the fraction, the smaller will be
20. In the economist's terminology one determines the fraction of solar heat provided by
adjusting collector area such that the marginal cost/10 6 BTU of solar energy equals the
annualized alternative energy cost. However, installation is not feasible unless the unit or
average cost of solar energy is less than the annualized alternative cost.
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the fixed cost charged on a BTU basis. However, this is countered by
the steadily increasing variable costs and at some point is overtaken
by its effect.
The feasibility of solar energy for residential space heating and
domestic hot water was examined on a state by state basis. To keep
the computations at a minimum and to give the reader a much
broader geographical basis for interpretation, it was felt that basic
trends and results would not be affected by lack of more precise
specification of sites. 2 Map 1 displays the location of each city
surveyed with its attendant heating degree day figure. Although construction and insulation standards vary across the country, an average
heat load2 2 for space heating was assumed to be applicable. Therefore, we assumed a standard single family residence of 1500 square
feet with a building thermal load of 10 BTU/DD/Ft 2 , or 15,000
BTUs for each degree day. For domestic hot water heating an average
daily demand of 80 gallons at 1200 F was used for each site. A
constant differential between the input and output temperatures of
600 F was assumed. This translates into an average yearly requirement of 15 x 106 BTUs.
It is worth noting that inflation has been removed from the analysis by specifying all costs and prices in real terms using 1974 dollars.
Therefore, real interest rates are used in the feasibility analysis. Because solar energy systems are capital intensive, a narrow range of 2.5
to 4.0 percent real rate of interest was chosen to test the sensitivity
of results.
First, examine the results of the feasibility analysis for residential
space heating. Maps 2 and 3, representing the 2.5 and 4.0 real interest rates respectively, were constructed by assuming that costs per
square foot of collector plus storage area decrease from $9.50 in
1976 to $8.00 in 1990. Comparisons were made at five year intervals, thus the stepwise pattern. One interesting result which is not
evident in the maps is the fact that in each succeeding year after
feasibility is attained, the fraction of solar supplied heat where feasibility occurs is increased. Maine, for example, which is feasible today
at a 2.5 real interest rate with 45 percent of space heating requirements supplied by solar energy, will attain a solar fraction of 50
21. Within each state a city was chosen to be the average or representative site. For many
states this choice was simple because there was only one city within the LASL data set for
that state. Where there was more than one, the city chosen was either the most populated
and/or centrally located. Where there were no data available for a particular state, a city in a
neighboring state with similar climatic characteristics to the state in question was chosen.
22. Thermal load is defined as the total heat required by the building per day per degree
farenheit temperature difference between the inside temperature and the outside temperature.
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percent by 1985. Similarly, New Mexico is feasible with a solar fraction of 50 percent in 1982 increasing to 55 percent by 1985.
The most important result of maps 2 and 3 is the clear picture of
comparative solar feasibility which emerges: solar feasibility begins in
the northern tier of states and with few exceptions, systematically
moves southward! This pattern results primarily from the higher
alternative energy prices and larger heating loads in the Northern
states.2 3
Current prices, those energy prices projected for each year to
1990, were examined vis-A-vis the annualized solar prices. Consumers
many times see only the present, so their decisions may in fact be
based solely upon today's costs and prices especially when energy
pricing policies are uncertain. Therefore, the standard air system for
residential space heating was compared to current period, decontrolled energy prices. Map 4 portrays the feasibility results using the
2.5 percent real interest rate. It demonstrates that even when such
current energy prices are used solar energy will be economically competitive by 1990 for a number of states, although it is delayed
compared to life cycle analysis.
An iteration of the main thrust of the results obtained from the
preceding analysis is in order. For a solar energy system devoted to
residential space heating only, economic feasibility begins in the
northern tier of states and moves southward through time. There are
several reasons for this type of emerging pattern. First, under a decontrolled energy scenario, present fuels begin to increase at such a
rate that consumers are provided with larger economic incentives to
look elsewhere for space heating systems. The cost of natural gas
delivered to each state has two components: the price at the wellhead plus the price adjustment for transportation and distribution.
Thus, with most gas supplies located in the South Central and Southwestern states, prices generally increase as one moves into the Midwestern, North Central, Northeastern, and Northwestern states.
Secondly, solar energy systems include a fixed cost component
which gives rise to a situation in which minimum heating demands
23. A few statements of caution when reviewing and interpreting the results are in order.
First, the city selected as a representative site for each state may not be representative of
climatic conditions everywhere within the state. Secondly, the energy price scenario was
based upon an average or representative quote from each state. Third, from the previous
cautionary statements it can be shown that the northern portion of California does demonstrate solar feasibility years ahead of its counterpart, the Los Angeles area. Thus, when New
Mexico has demonstrated solar feasibility under the present scenario, it will hold true only
for the northern part of the state. On the other hand, in Arizona where solar is portrayed as
always more expensive than alternatives, in actuality, portions of northern Arizona (Flagstaff) do become competitive at about the same time as Albuquerque, New Mexico.
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will be required to make solar energy competitive. Higher heating
loads are evident as one moves northward, allowing the fixed costs to
be spread over a larger BTU base. Third, exclusion of the Northwestern states is due primarily to the availability of large amounts of
cheap hydroelectric power. Electrical heating replaces natural gas
much sooner and because use of hydroelectric power keeps the price
of electricity down, solar systems cannot compete. As demonstrated,
in the states with high energy demands coupled with greatly increased prices for alternative fuels solar residential space heating is
feasible.
As expected, solar energy feasibility is highly influenced by the
rate of interest introduced into the analysis. The higher the rate, the
greater the annualized price of solar energy and the lower the annualized energy price generally. The opposite is true for the lower rate. It
should be stressed that a 2.5 percent real rate of interest corresponds
to an 8.5 percent nominal interest rate with annual inflation of 6.0
percent.
Because fixed costs are always present in these types of solar
systems, the fraction of residential space heating provided by solar
energy will increase as fixed costs become a larger proportion of the
total. This particular point has tremendous implications for potential
solar feasibility in other than the residential space heating market.
Apartments, commercial establishments and schools would appear to
be somewhat better equipped for solar systems because of the larger
total thermal load. This allows the fixed cost of any system to be
charged against a larger load, thereby reducing its annualized cost.
Next, we examine the results of the feasibility analysis for domestic hot water heating. Maps 5 and 6, representing the 2.5 and 4.0 real
interest rates respectively, were constructed by assuming that the
cost per square foot of collector plus storage area is $11.00, and
fixed costs are $300. As in the residential space heating analysis,
comparisons were made at five year intervals. Not evident in the
maps is the fact that the fraction of annual hot water demand supplied by the solar system ranged from 60 to 85 percent. With increasing alternative energy prices, this fraction will increase through time.
The pattern that emerges for solar domestic hot water feasibility is
not as well defined as that exemplified by the north to south movement portrayed for residential space heating. Rather, there is a mixture of Southern and Eastern states demonstrating feasibility in the
late 1970s and early 1980s. Generally, Midwestern, Mountain, and
Northwestern states are excluded during the period of analysis from
1976 to 1990; North Dakota, South Dakota, and Minnesota being
the exceptions.
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There are three major reasons for the type of pattern demonstrated by maps 5 and 6. First, due to higher solar incidence in the
Southern and Southwestern states, solar collector areas necessary to
deliver a given fraction of domestic hot water demands are measurably lower than elsewhere. This, of course, results in lower costs for
the solar systems. Second, alternative heating costs in the Eastern
states are considerably higher than in most of the remaining states.
This makes solar energy competitive in the East Coast states even
though larger collector areas are required and solar costs are subsequently greater than in many other states. Third, for the states
where solar energy was shown not to be competitive by 1990,24 the
combination of higher solar costs due to relatively large collector
arrays and alternative backup costs which are not significantly different than those found in the southern tier of states, forced solar
feasibility into the 1990s. Further, relatively low electricity prices in
the Northwestern states kept the alternative energy costs at levels
sufficiently low to preclude solar systems during the period of analysis.
Again, current prices were examined vis-A-vis the annualized solar
energy prices. Map 7 portrays the feasibility results using the 2.5
percent real interest rate, demonstrating that even when such current
energy prices are used solar energy will be economically competitive
by 1990 for a number of states, but is delayed compared to life cycle
analysis.
Arguments presented earlier for the solar residential space heating
feasibility analysis concerning interest rates, fixed costs, and larger
heating loads (such as apartments and motels) hold true for domestic
hot water as well. As stated earlier, further analysis is needed to
determine the effect of varying heating loads for solar systems designed to meet domestic hot water needs. For example, one would
expect higher heating loads for the same quantity of water when
moving from Southern to Northern states.
Given that solar energy is feasible for some portion of residential
space heating and domestic hot water demand and given better insulated structure potential, the realized energy savings can be significant in many states. In the next section the potential energy savings
in 1990 resulting from utilization of solar energy for domestic hot
water and for space heating of residences under decontrol will be
examined.
24. In North and South Dakota the representative sites selected are generally at higher
altitudes than sites in surrounding states, thus smaller collector sizes are possible implying
lower total systems costs for domestic hot water. Minnesota demonstrates solar competitiveness at the very end of our period of analysis, only slightly earlier than surrounding states.
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IV. ENERGY SAVINGS UNDER DECONTROL
The turnover in the nation's housing inventory will have a great
impact upon potential energy savings brought about both from better insulated residences and from the use of solar energy systems to
meet a portion of residential space heating demands. The addition of
more insulation and the retrofitting of solar energy systems to the
existing housing stock could have far more potential impact on total
energy demand than impacts from new construction. However, the
proportion of the existing housing stock which can be retrofitted for
space heating is unknown at this time, although recent retrofits of
trough type focusing collectors look promising. In this section potential energy savings in 1990 from new construction of single-family
residences in the continental United States will be examined for
space heating. The total single-family detached housing market will
be examined for domestic hot water systems.
In previous discussion of solar feasibility, thermal load was assumed to be 10 BTU/DD/Ft 2 . Prior to 1974, standards and practices
were such that higher thermal loads were characteristic. Although it
would be impossible to construct an average load across builders,
types of mortgages, and regions of the country, a thermal load of 17
BTU/DD/Ft2 is a reasonable estimate for the aggregate average in the
late 1960s and early 1970s.
Assuming the same thermal load per structure is carried into the
future, realized energy savings in 1990 from the better insulated
residences built between 1976 and 1990 imply a 41 percent reduction in energy demand for space heating. Thus, with projected construction of single-family residences running between 0.9 and 1.7
million units annually, 2 in 1990 total projected energy consumption for space heating would be at a level 41 percent less than might
have been expected had the homes been built to early 1970 standards. Assuming a midpoint housing production estimate of 1.3 million units annually and an average residence of the past decade of 17
BTU/DD/Ft 2 thermal load, space heating demand in 1990 for residences constructed between 1976 and 1990 will be 2.51 quads.
Energy savings in 1990 due to improved insulation resulting in a 10
BTU/DD/Ft 2 thermal load house could be 1.04 quads. Table 1 summarizes these and the following calculations.
25. Some of the models and their respective forecasts reviewed are the Chase Econometrics model, the National Planning Association forecasts which utilize the Chase model,
the Data Resources Incorporated (DRI) model, and the Wharton Forecasting Associates
(WFA) model which utilizes an updated version of the original Wharton Econometrics
model. The authors are extremely indebted to Wharton Forecasting Associates, Data Resources Incorporated, Chase Econometrics, National Planning Association, and individuals
within several divisions at HUD for furnishing us with their forecasts.
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Next, energy savings due to utilization of solar energy for space
heating were calculated on the basis of the standard air system analysis. Since we believe that not all new construction will be able to fit
solar space heating systems, energy savings were calculated for a
range of 50 to 85 percent of new construction. If 85 percent of new,
single-family houses fit solar space heating systems when economically feasible, the savings in 1990 will be 19.5 percent or 0.49 quads.
Finally, for space heating demand, the savings due to improved
insulation and utilization of solar energy were calculated. In this
case, as much as 52.9 percent of the space heating demand can be
saved through proper insulation and use of solar energy.
Energy demand for a separate domestic hot water system was
analyzed under the previously discussed assumption of a constant
load of 15x106 BTUs/household/year. In this case, it was assumed
that all new construction of single-family residences from the first
year of feasibility in each of the forty-eight states would incorporate
solar energy to meet some portion of the energy demand for hot
water. Further, the demand was analyzed at 2.5 and 4.0 percent real
rate of interest and potential retrofit applications were considered
under a variety of additional assumptions.
The potential retrofit market for solar domestic hot water systems
has been estimated to be between 50 and 85 percent of the existing
stock of single-family detached residential units. Obstructions which
cause shading and the orientation of the structure on the lot are the
primary factors preventing a 100 percent retrofit market. Therefore,
energy demand for hot water was analyzed for a potential retrofit
market of 50 to 85 percent of the stock existing in each state in the
first year of solar feasibility. The time at which a solar energy system
is retrofitted is also important in calculating the energy savings which
might be expected. The most optimistic assumption is that all retrofits will be performed in the first year that solar hot water is feasible
in each state.
Using the midpoint estimate of new housing, for the 2.5 percent
real interest rate case it was found that in 1990 energy savings due to
utilization of solar energy will be as much as 24.6 percent (50 percent fit) and 40.9 percent (85 percent fit) of total energy demanded
for domestic water heating.
As indicated in Figure 2, the total national fossil fuel demand in
1990 is projected to be 90.6 quads. The percent of this total national
demand represented by the energy savings from the utilization of
solar energy and improved insulation are indicated in Table 1. Although the percentages appear small at first glance, the economic
impact of the industry should not be underestimated. For example,
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the energy savings due to solar domestic hot water at 85 percent fit
(.403 quads) represents 69,482,759 barrels of oil saved for the one
year. The savings resulting from solar space heating and proper insulation at 85 percent fit (1.33 quads) represents a savings of
229,310,345 barrels of oil in one year. However, it should be made
clear that these are upper bound estimates for the role of solar energy in domestic uses, excluding retrofit of space heating.
V. THE CURRENT SITUATION-FEASIBILITY WITH
CURTAILMENTS AND PRICE CONTROLS
Thus far we have examined the feasibility of solar water and space
heating under the idealistic assumption that natural gas will be deregulated. In the event that price controls are continued, homeowners will need to examine the feasibility of solar energy systems
against electricity -either heat pumps or resistance heat. In this section we examine the more realistic situation of continued control of
natural gas prices and the inevitable curtailments in supply which will
result. Since this analysis is also applicable to retrofits of solar space
heating systems for homes that do not presently use natural gas we
consider retrofit in this section as well. Finally, we compare our
assumptions on costs of solar installation to current experience.
Feasibility With Price Controls
Again using the LASL standard air system for residential space
heating, we examined a scenario of non-availability of natural gas for
home use. As in our previous analysis variable costs are assumed to
be $9.50/ft2 of collector area in 1976 decreasing to $8.00/ft2 in
1990. Annual operation and maintenance expenditures are 0.75 percent of the installed system cost, and the solar system has an expected life of thirty years. Again, we have assumed a standard singlefamily residence of 1500 square feet with a building thermal load of
10 BTU/DD/ft 2 .
If we assume that natural gas becomes unavailable for home use
either through curtailments or moratoriums on new hookups as has
occurred periodically throughout the country, solar energy becomes
feasible very quickly. In Maps 8 and 9 the coefficient of performance
(COP) of heat pumps was varied by states based upon the degree
days for each location and, therefore, on performance attainable
today rather than projected performance.2 6 In Map 8, representing
d
.1168. This formula was derived from current
26. COP = 2.276 e
heat pump data over seven cities and provides a good approximation of heat pump performance which deteriorates in colder climates.
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the most optimistic case examined here, a solar space heating system
with $1100 fixed cost was compared to life cycle electricity prices at
2.5 percent real interest rate. Under these assumptions and with a
backup system employing electric heat pumps, two-thirds of the continental United States is already feasible for solar space heating. All
but four states demonstrate feasibility by 1990.
Map 9 depicts feasibility results under the assumption of $ 1100
fixed costs but employs current electric heat pump prices for comparison. We found that when solar energy is compared to current
heat pump electricity prices at 4.0 percent real rate of interest solar
energy for residential space heating is already feasible in twenty-four
states and will soon be feasible in several more. The higher interest
rate as well as current rather than life cycle costs delays feasibility
beyond the period of analysis in only a few states. Again, in both
cases depicted in Maps 8 and 9, it is the northern tier of states,
including almost all states which experienced energy emergencies
during the winter of 1976-1977 where solar energy is already feasible.
In Map 10 we represent available retrofit system costs with fixed
costs of $3400 and variable costs of $9.50/ft2 in 1976 decreasing to
$8.00/ft2 by 1990. The higher fixed costs cover the necessary individualized engineering, design, and installation costs for retrofit
systems. Here we assume the backup system to be electric resistance
with a COP of 1.0. This comparison was made because many homes
in states currently suffering curtailments of natural gas already use
electric resistance heat. Also, when compared to either form of electric heat solar energy becomes feasible at much larger fractions2 7 of
space heat provided, which makes electric heat pumps an expensive
backup system.
When compared to electric resistance heat, even using current
prices and the higher 4.0 percent real interest rate, we find that a
total of thirty-eight states attain feasibility by 1990 with twentyseven of these states already feasible for this system. Furthermore,
the solar system is feasible for approximately 70 percent of the
heating load in most of the states demonstrating feasibility within
the period of analysis. This is in strong contrast to the 35 to 50
percent solar fractions feasible in our idealized case of natural gas
backup systems and decontrolled prices.
Finally, the feasibility of solar domestic hot water systems with
curtailments of natural gas was examined for the least optimistic
27. Solar energy becomes feasible for residential space heat at solar fractions of 65 - 90
percent when compared to electricity for backup systems.
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case: current electricity prices at 4.0 percent real interest rate. We
assumed the backup system to be electric resistance with a COP of
1.0. As in our previous analysis we assumed fixed costs of $300, a
variable cost component of $1 1.00/ft2 , annual operations and maintenance expenditures of 1.0 percent of the installed system cost, and
a system life of twenty years. With these assumptions, solar domestic
hot water systems are already feasible throughout the continental
United States with 75 to 90 percent of the heat load supplied by the
solar system. The only exception to this is the state of Washington
which does not demonstrate feasibility until 1983 due to the availability of cheap hydroelectricity in the state. No further hot water
system analysis is presented here since it is obvious that wherever
natural gas is not available, solar domestic hot water systems are
immediately feasible.
Retrofit of Space Heating2"
It is generally accepted that, since collector areas are very large,
retrofitting solar space heating is feasible in only a few cases. The
assumption that development of a successful solar space heating
retrofit market is unlikely deserves more investigation, especially
since retrofit appears widely feasible in our analysis even with high
fixed costs. The potential energy savings of retrofit space heating are
considerably greater than those shown previously for new construction.
The standard objections to widespread retrofit of solar space heating to residences and small buildings include:
1) Collector areas are sufficiently large that rooftop installations
are difficult unless the house is accidentally oriented in the proper
direction.
2) Large collector areas are likely to be at least partly shaded by
neighboring trees, shrubbery, or structures.
3) Costs of installation are likely to be much higher than for
newly constructed homes.
4) Since older homes are generally poorly insulated, heating loads
are large, necessitating, in terms of total cost, a large and expensive
solar installation.
5) Financing retrofit solar installations may be difficult compared
to financing a solar system on a new home.
The authors are most familiar with the solar heating industry in
one region of the U.S., the Southwest, where some of these problems
have surprisingly failed to develop. For example, in New Mexico
28. We would like to thank Jake Gaultney for his assistance in preparing this section.
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where solar energy is currently feasible in some applications (e.g.,
versus bottled gas or electricity), a vigorous young industry has
formed which, in fact, is having difficulty keeping up with the
growth in demand for solar space, swimming pool, and water heating
installations. This spurt in growth began during the summer of 1976,
having been encouraged both by a state tax break for solar installations and by the recent Federal Power Commission ruling in favor of
an increase in the price of natural gas. New Mexico is also unique, in
that by having most favored nation clauses for its own gas producers,
the full impact of this increase was faced immediately by consumers.
The increased prices have actually exceeded our projections for
decontrolled natural gas prices.
In contrast to most expectations for this new market, several firms
are currently installing about 90 percent of active solar space heating
applications as retrofits and are encountering comparative market
resistance for new home installations. The reasons for this current
situation can be contrasted to the list of problems noted above.
First, at least in the Southwest, many homes have flat roofs which
allow easy installation of either tracking parabolic troughs or flat
plate collectors tilted in banks facing south. Additionally, a number
of systems, especially of the focusing trough type, have been placed
at ground level.
Second, in the Southwest many homes have substantial surrounding yard area. Clearly, if individuals desire solar heating, removal of
their own shading obstructions is likely to be less difficult than convincing a neighbor to remove an obstruction. Utton and Eisenstadt 2
have pointed out that solar rights can be purchased through easements, so theoretically a legal mechanism exists to allow monetary
compensation -although additional costs will certainly delay solar
feasibility. 3
Third, several systems, including a large trough type system and a
small modular flat plate unit, have no cost differential between new
or retrofit installations as they are currently sold. At least one solar
water and space heating system is currently being installed for a total
cost of $18 per square foot in retrofit or new installations. For
comparison, our total costs for space heating used in the feasibility
study as shown below, when adjusted from 1974 to current, 1977
dollars, are about $15.00 per square foot, not far from the $18 per
29. A. Utton & M. Eisenstadt, Solar Rights and Their Effect on Solar Heating and
Cooling, Bureau of Engineering Research, University of New Mexico, Technical Report No.
ME-66(75)ERB-360-1 (1975).
30. As part of our ongoing research we are planning to test a survey questionnaire
methodology to estimate the cost of obtaining such easements.
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square foot now attainable for retrofit installations. Retrofit systems
will retain some fixed cost penalty for specialized, site specific design
and engineering requirements compared to new tract homes. However, older homes are often difficult to retrofit insulation to meet
new home standards so heating loads will be higher. This brings us to
the next point.
Fourth, one factor not developed in our preceding analysis of
space heating for new construction is that although high heating
loads imply large, expensive systems, the cost per BTU delivered by a
solar system decreases with the size of the system. Although our
analysis for new homes assumed a well insulated, cost effective house
for solar installations, the smaller heating loads penalized solar energy
in terms of comparative costs per BTU. The large fixed cost of installation assures that the total cost per square foot decreases with system size. Thus, poorly insulated older homes with flat roofs and large
glass areas (the cardboard castles associated with cheap energy supplies), are hard to retrofit with installation but are ideal candidates
for retrofitting solar space heat. In fact, the cost per BTU will be
lower than for a new installation with the ideal mix of thermal
insulation and solar energy.
Finally, and this is perhaps the most unexpected point of all,
financial institutions are reluctant to lend money for solar systems to
new home buyers for the simple reason that they do not wish to
assume the risk of financing a large expenditure which may not add
to the market value of the house. 3 1 On the other hand, owners of
homes who have built up some equity can either take out a second
mortgage or refinance their home, now often at lower interest rates,
to finance the cost of a retrofit solar installation. The last point is
critical in understanding current institutional barriers to solar energy.
For the present at least, retrofits are institutionally made more likely
than new home applications for solar heating.
Retrofits of space heating are now more feasible than new home
installations in the Southwest for both economic and institutional
reasons and, unless financial barriers are removed, the situation is
unlikely to change. One suggestion to solve the problem of financial
barriers is to federally insure loans for solar equipment thus reducing
apparent risk to lending institutions while costing government little
compared with other programs to stimulate solar energy.
Comparative Costs
How do our assumptions on the cost of solar installations compare
to actual solar systems available today? To answer this question we
31. A few lending institutions have made partial loans to preferred customers.
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need to do two things. First, to avoid incorporating inflation in our
analysis, we used constant 1974 dollars. Since mid-1974 the consumer price index has risen about 23 percent. Thus, to obtain current, 1977 dollars, we must raise our assumed costs by this amount.
The assumed total cost now becomes: for new homes space heating
installations-$1350 fixed cost plus $11.70 per square foot of collector area; for retrofit of space heat-$4200 plus $11.70 per square
foot; and for domestic hot water-$370 plus $13.50 per square foot.
The second adjustment for making comparisons is to calculate the
total cost per square foot including fixed costs. Although in fact
fixed and variable costs are separate, it is more common to look at
total costs per square foot in making cost comparisons. To do this,
however, we need to specify system size since our assumed total cost
per square foot will decline with system size in square feet (ft2 ).
Taking typical percentages of heat supplied from our previous analysis2 the average system size for a new home installation is about 350
ft ; for retrofit of space heat about 725 ft 2 ; and for domestic hot

water about 50 ft 2 . Total costs per square foot of installed system
are then about $15.50 for space heating of new homes, $17.50 for
retrofit of space heat, and $21.00 for hot water.
A recent survey by The MITRE Corporation found average costs
for all types of systems across the U.S. to be about $28.00 per square
foot total cost, installed. 3 2 The most inexpensive space and water
heating system of which we are aware sells for about $18 per square
foot in large retrofit home installations, not far from the $17.50
assumed in our analysis, and close to the $15.50 assumed for new
home installations. Costs are dropping rapidly as firms become experienced in design and installation. One indication of this trend is a
drop in costs of swimming pool collectors from $10 to $5 per square
foot in Albuquerque over the last year as these units changed from
specialty items to become commonplace. The same phenomenon
appears to be occurring now for space and domestic hot water installations.
VI. CONCLUSION
The results of this study show that residential use of solar energy
is feasible and could become widespread by 1990 with energy price
decontrols or in areas which suffer natural gas curtailment. Further,
the penetration of solar technologies beyond areas which are most
favorable, either because of high alternative energy prices or inci32. Personal communication with Marty Scholl concerning a recent survey conducted by
The MITRE Corporation.
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dence of solar radiation, depends on interest rate policy. The range
of real home mortgage interest rates has been 2.5 to 4.0 percent over
the last twenty-five years and as we have shown, solar feasibility is
significantly affected in this range. This occurs because of all energy
sources, solar energy is the most sensitive to the availability of capital. For other sources of energy there are both fuel and capital costs
associated with delivering useful energy. In the case of solar energy
there are, in effect, no fuel costs. Therefore, nearly all of the costs of
providing solar energy are capital costs. As a result, the feasibility of
solar energy can be determined almost solely by interest rates. In
other words, if either the cost of capital or the rate of interest
doubles, the cost of solar energy nearly doubles. If, solar energy is to
play a major role in solving our energy problems, interest rates as
well as price decontrol policies will be critical.
Although we advocate decontrol of energy prices on grounds of
economic efficiency, we are also aware that such a policy has severe
regressive effects on low income groups. Price decontrols will result
in large windfall profits to owners of existing energy resources. The
net effect of decontrol, then, is a transfer of income to owners of
current stocks of energy resources. One cannot in good conscience
advocate this course of action without suggesting a set of compensatory policies to correct the regressive income distribution effects. A
policy which taxes windfall profits and transfers them to the low
income groups adversely affected by energy price increases would
alleviate this social dilemma and, hopefully, make price decontrol of
energy resources politically feasible. An alternative strategy to price
decontrol is to make low interest rate loans availble for energy conservation. In any case, loan guarantees for new energy conserving
technologies are needed to reduce apparent risk for conservative
financial institutions.
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APPENDIX
Energy Prices*for ResidentialSpace Heating and Domestic Hot Water
($/106 BTU in 1974 Dollars)
Current Prices
1976
State
Alabama
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
NewHampshire
NewJersey
NewMexico
NewYork
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
WestVirginia
Wisconsin
Wyoming

Space
1.41
1.86
1.36
2.02
1.48
3.36
2.74
1.96
1.84
2.62
2.08
1.84
1.72
1.53
1.48
1.36
3.36
2.74
3.36
2.33
2.02
1.36
1.72
2.74
1.66
1.72
3.36
3.17
1.50
3.17
2.26
2.26
1.84
1.36
2.74
2.57
3.36
2.02
1.72
2.69
1.36
1.96
3.36
2.33
2.65
2.26
2.33
2.08

1990
1990Hot
Hot 1976
Space
Water
Water
1.76
6.08
6.08
6.86
6.86
2.33
1.69
6.10
6.10
6.32
6.32
2.53
5.35
5.35
1.84
4.19
8.09
8.09
8.28
8.82
3.43
2.44
6.43
6.43
5.86
5.86
2.29
4.88
4.88
3.28
2.59
6.17
6.17
5.75
5.75
2.29
2.14
6.09
6.09
1.91
5,24
5.24
5.24
5.24
1.84
5.39
5.39
1.69
4.19
6.94
6.94
7.54
7.54
3.43
8.09
4.19
8.09
6.05
6.05
2.91
6.11
2.53
6.11
1.69
6.08
6.08
6.04
2.14
6.04
3.43
5.37
5.37
5.36
5.36
2.08
5.56
5.56
2.14
8.24
8.24
4.19
8.09
3.96
8.09
5.79
5.79
1.88
8.71
9.36
3.96
6.08
6.08
2.83
6.40
6.40
2.83
2.29
6.48
6.48
5.42
5.42
1.69
4.32
4.32
3.20
7.76
7.76
3.21
8.17
8.17
4.19
6.87
2.53
6.87
2.14
6.05
6.05
4.99
4.99
3.36
5.86
5.86
1.69
5.32
5.32
2.44
7.72
7.72
4.19
7.54
7.54
2.91
3.77
3.77
2.65
2.83
6.14
6.14
5.73
5.73
2.91
4.84
4.84
2.59

1976
Space

Hot
Water

4.44
5.04
4.41
4.48
4.13
6.41
6.38
4.89
4.56
4.40
4.83
4.50
4.60
4.10
4.07
4.08
5.86
5.83
6.41
4.90
4.7'
4.41
4.58
4.74
4.22
4.35
6.47
6.41
4.35
6.85
4.89
5.04
4.85
4.09
4.10
5.83
6.45
5.13
4.58
4.50
4.31
4.34
6.24
5.59
3.76
4.91
4.74
4.14

4.12
4.76
4.09
4.70
3.91
6.41
6.13
4.69
4.38
4.36
4.68
4.34
4.38
3.90
3.86
3.83
5.92
5.72
6.41
4.82
4.62
4.08
4.36
4.72
4.05
4.17
6.46
6.41
4.10
6.67
4.78
4.91
4.61
3.84
3.89
5.65
6.44
4.90
4.36
4.46
4.01
4.23
6.26
5.38
3.34
4.81
4.67
4.07

Annualized Prices1990
Hot
Space
Water
6.94
6.77
7.72
7.55
6.95
6.79
7.01
7.17
6.21
6.04
8.78
8.95
9.66
9.51
7.29
7.12
6.72
6.55
5.57
5.74
7.03
6.86
6.61
6.44
6.95
6.78
5.93
6.10
6.10
5.93
6.25
6.08
7.80
7.63
8.40
8.23
8.95
8.78
6.91
6.74
6.80
6.97
6.94
6.77
6.90
6.73
6.06
6.23
6.22
6.05
6.25
6.41
9.09
8.93
8.95
8.64
6.48
6.65
10.20
10.05
6.77
6.94
7.26
7.09
7.34
7.17
6.27
6.11
5.18
5.01
8.62
8.45
9.03
8.86
7.73
7.56
6.74
6.91
5.85
5.63
6.55
6.72
6.17
6.01
8.58
8.41
8.39
8.23
4.63
4.46
7.00
6.83
6.59
6.42
5.69
5.53

*Lesser of natural gas o electricity prices
Natural gasprices adjusted for conversion efficiency of gas furnaces (.75) and gas water heaters (.60)
for a COP of 2.5.
Electricity prices adjusted
5
-*Annualized for 30 years at 2- e for space heating.

Solar Heating
Hot
Space
Water
5.71
8.72
9.41
4.77
9.21
5.74
6.82
5.12
5.48
6.36
6.06
7.15
8.28
5.93
5.37
34.99
8.72
5.71
5.81
6.25
6.72
7.23
6.88
7.08
6.96
6.31
6.77
6.79
8.26
6.29
11.78
6.06
5.20
6.74
7.60
5,76
6.88
7.32
6.21
7.44
5.22
6,64
10.60
6.06
6.59
6.85
4.73
6.34
6.37
5.69
7.58
4.64
5.88
7.60
7.44
10.16
5.67
4.65
6.12
7.81
8.32
5.71
4.74
6.21
7.09
7.70
7.49
5.39
6.70
6.11
7.09
7.46
6.13
7.12
10.26
5.54
4.84
6.16
8.78
5.86
9.34
5.33
5.26
5.76
5.88
7.60
7.58
5.79
7.68
6.96
8.17
8.18
5.42
6.80
4.46
6.05

